The dataset generated in the current study and the vigilance tasks created are available at (<https://osf.io/cn28e/>).

1. Introduction {#sec001}
===============

Age-related differences are typically attenuated when the amount of self-initiated processing is minimal \[[@pone.0237340.ref001]\]. Currently, it is unclear if this is also the case for spontaneous thoughts which are not self-initiated and come into awareness with reduced intentionality and effort \[[@pone.0237340.ref002],[@pone.0237340.ref003]\]. Spontaneous thoughts are frequent daily occurrences \[[@pone.0237340.ref004]\] and play an important role in planning, creativity, and memory consolidation \[[@pone.0237340.ref005]\]. Past-oriented spontaneous thoughts, in particular, are at least as frequent as deliberate memories \[[@pone.0237340.ref006]\] and contribute to maintaining a sense of time and personal continuity \[[@pone.0237340.ref007]\]. Aging research has been strongly focused on the occurrence of spontaneous thoughts in association with mind wandering research, a phenomenon closely related to spontaneous thought. A recent meta-analysis found a reduced frequency of spontaneous thoughts in older compared to younger adults but identified methodological moderators suggesting that this effect may be partially due to the experimental paradigms most commonly used \[[@pone.0237340.ref008]\]. This is in line with a recent review of the effects of healthy and pathological aging on spontaneous thoughts that suggests that the decrease in spontaneous thoughts in healthy aging is absent when the experimental conditions include meaningful cues that activate the spontaneous retrieval route \[[@pone.0237340.ref009]\]. The impact of aging on qualitative aspects of spontaneous thoughts, in particular episodic specificity, has been much less explored. Episodic specificity refers to the amount of detail about an event (e.g., what, when and where it happened), and is typically reduced in aging during deliberate retrieval of autobiographical memories and imagined events (for a review, see \[[@pone.0237340.ref010]\]). However, recent research has shown that an episodic specificity induction (ESI) that involves training in recollecting details of past events can increase episodic specificity in aging \[[@pone.0237340.ref011]\] by targeting episodic retrieval processes that support the construction of event representations \[[@pone.0237340.ref012]\]. In the current study we analyzed the impact of aging on episodic specificity and used the ESI to determine whether constructive processes contribute to the episodic specificity of spontaneous thoughts.

1.1. Aging and spontaneous thought {#sec002}
----------------------------------

A growing number of studies have examined the influence of aging on spontaneous thought frequency as the result of increasing interest in mind wandering. Mind wandering (MW) describes a shift of attention from an external task to internal contents \[[@pone.0237340.ref013]\]. Although MW can sometimes be deliberate \[[@pone.0237340.ref014]\], it is typically characterized as spontaneous thought \[[@pone.0237340.ref002]\], such that spontaneous MW is three times more frequent than deliberate MW across age groups \[[@pone.0237340.ref015]\]. Older adults typically have a reduction in MW frequency \[[@pone.0237340.ref016]\], but in a recent meta-analysis we found that methodological differences related to reporting mode, response options, task difficulty, and socio-demographical variables contributed to the pattern of age-related differences \[[@pone.0237340.ref008]\]. Importantly, when controlling for these methodological variables, we found no evidence of age-related differences in the frequency of spontaneous task-unrelated thoughts \[[@pone.0237340.ref017]\]. Similar results have been found in naturalistic studies using diary and experience sampling methods \[[@pone.0237340.ref018],[@pone.0237340.ref019]\].

Research on involuntary autobiographical memory (IAM) also contributes to the understanding of age effects in spontaneous thoughts. Involuntary memories come to mind effortlessly and without a previous retrieval attempt \[[@pone.0237340.ref020]\], and are thus a type of spontaneous thought. Several studies have demonstrated a lack of age-related differences in IAM frequency as measured by inventory \[[@pone.0237340.ref021]\], questionnaire \[[@pone.0237340.ref022],[@pone.0237340.ref023]\], or diary studies \[[@pone.0237340.ref024]\]. Would the lack of age-related changes in the frequency of MW and IAM extend to qualitative aspects of spontaneous thought? In the next section, we explore this question for episodic specificity.

1.2. Aging and episodic specificity {#sec003}
-----------------------------------

Episodic specificity refers to the degree to which a content includes specific event information ("what", "when" and "where") and experiential detail \[[@pone.0237340.ref025]\]. Aging leads to a decrease in episodic specificity during deliberate recall of personally experienced past events (i.e., autobiographical memories; e.g., \[[@pone.0237340.ref010],[@pone.0237340.ref024],[@pone.0237340.ref026]--[@pone.0237340.ref028]\]) and future events (e.g., \[[@pone.0237340.ref029]--[@pone.0237340.ref030]\]). The age-related decrease in episodic specificity has been shown using different measures, ranging from the simplest distinction between a specific versus general event to more complex classification systems such as the objective assessment of participants' descriptions using the Autobiographical Interview (AI; \[[@pone.0237340.ref026]\]) and the *Test Episodique de la Mémoire du Passé lointain autobiographique* (TEMPau; \[[@pone.0237340.ref031]\]). Both of these objective assessments of episodic specificity are less susceptible to age-related biases than detail ratings provided by participants (in which different age patterns are found; \[[@pone.0237340.ref029],[@pone.0237340.ref032]\]). In terms of mechanisms, the age-related decrease in episodic specificity is associated with reductions in strategic elaboration \[[@pone.0237340.ref033]\] and effortful processes such as executive functions, both in past \[[@pone.0237340.ref027],[@pone.0237340.ref034]\] and future thoughts \[[@pone.0237340.ref030],[@pone.0237340.ref035]\]. Thus, we would expect age-related differences in episodic specificity to be reduced when retrieval is less reliant on strategic processes, such as in spontaneous thoughts. In fact, a key difference between deliberate and spontaneous retrieval is that the former is more effortful as shown, for example, by slower retrieval times \[[@pone.0237340.ref036]\] and by the involvement of brain regions associated with monitoring and cognitive control \[[@pone.0237340.ref037]\]. Effortful retrieval processes are associated with generative retrieval, that is, a strategic process of search that begins at the most general level of knowledge about oneself and by successive iterations accesses a specific event \[[@pone.0237340.ref038]\]. Alternatively, event representations about the past \[[@pone.0237340.ref039]\] and future \[[@pone.0237340.ref040]\] may be accessed effortlessly in a direct or associative fashion \[[@pone.0237340.ref038],[@pone.0237340.ref041]\], purportedly based on a process of cue-item discriminability by which a distinctive cue isolates a specific event by automatic spreading activation \[[@pone.0237340.ref020],[@pone.0237340.ref042]\]. Spontaneous retrieval by definition involves more direct than strategic search processes, and by its effortless nature, should make it easier for older adults to access event specific information.

In contrast with the wealth of data for deliberate retrieval, less is known about age-related changes in episodic specificity for spontaneous retrieval. The current evidence suggests that aging does not reduce episodic specificity for spontaneous thoughts. Schlagman and collaborators investigated IAMs in diary studies in which younger and older adults recorded every memory that came to mind and classified them as referring to a single, extended, or repeated events, and found no age-related differences \[[@pone.0237340.ref024],[@pone.0237340.ref043]\]. However, these findings were based solely on self-report, which could introduce biases (e.g., participants classify IAMs as more specific when asked to report only memories versus any type of content; \[[@pone.0237340.ref044]\]). In sum, it is necessary to examine age-related differences in episodic specificity based on the independent assessment of participants' descriptions, which will also facilitate comparisons between age-related differences in spontaneous and deliberate retrieval \[[@pone.0237340.ref026],[@pone.0237340.ref045]\].

1.3. Episodic specificity induction {#sec004}
-----------------------------------

Recent research has shown that episodic specificity can be increased experimentally, in both younger and older adults, using an episodic specificity induction (ESI; \[[@pone.0237340.ref012]\]). The ESI increases episodic detail by leading to a specific retrieval orientation that facilitates the construction of specific episodes, that is "the assembly of a mental scenario bound in space and time with details related to settings, people, and actions" \[[@pone.0237340.ref046], p. 2\]. It is important to note that the term "construction" is frequently used in memory literature to refer to different concepts and/or processes \[[@pone.0237340.ref047]\]. Here, we are consistent with other ESI studies and define construction by focusing on the process of binding the different types of episodic details that constitute an event.

The ESI consists of a brief training based on the cognitive interview \[[@pone.0237340.ref048]\] that focuses on the recall of specific details. For example, Madore, Gaesser, & Schacter \[[@pone.0237340.ref011]\] used the ESI to look at event construction in memory and imagination. In this study, participants watched a brief video and subsequently recalled it. During the ESI, the experimenter asked participants to recall the video focusing on the details (objects, people, and actions) using pre-determined questions. During the control condition, participants were instructed to focus on their general impressions about the video. Following the ESI or control condition, participants were asked to describe memories and future thoughts. More episodic details (as measured by the Autobiographical Interview coding; \[[@pone.0237340.ref026]\]) were recalled in both memories and future thoughts following the ESI compared to the control condition. Several studies have replicated these finding in other deliberate tasks (creative thinking in \[[@pone.0237340.ref049]\], problem-solving in \[[@pone.0237340.ref050]\]) and using a measure of scene construction instead of episodic detail \[[@pone.0237340.ref051]\]. Thus, the ESI is a robust method to target event construction and increase episodic specificity.

Whether the ESI effect will also impact episodic specificity in spontaneous thoughts is currently unknown. By nature, spontaneous thoughts do not involve the type of goal-directed and deliberate nature of tasks that are typically influenced by ESI. Despite the lack of intention and seemingly ease with which spontaneous thoughts come to mind, spontaneous thoughts might still rely on event construction because they share the same episodic memory system and differ only in the effort required at retrieval (for a review, see \[[@pone.0237340.ref052]\]). Specifically, during spontaneous thoughts cues "activate event-relevant units, or nodes, in the network and deactivate irrelevant units that would otherwise interfere with the construction of the memory" (\[[@pone.0237340.ref020]\], p. 106), thus, reducing the requirement for effortful search processes. Alternatively, spontaneous thoughts might rely more on direct retrieval processes that imply the existence of pre-stored event representations, independent of event construction \[[@pone.0237340.ref039]\]. Supporting this idea, spontaneous future thoughts are characterized by relatively short reaction times (\[[@pone.0237340.ref040],[@pone.0237340.ref053]\], for a review). According to this perspective, the ESI should not affect spontaneous thoughts. Thus, investigating the influence of the ESI will reveal whether spontaneous thoughts involve event construction. In practice, it will indicate whether the ESI is useful to increase episodic specificity in spontaneous thought.

1.4. The present study {#sec005}
----------------------

In the present study we examined the effects of aging on episodic specificity of spontaneous thoughts reported by healthy younger and older adults in a laboratory task. In two sessions separated by approximately a week, we used either the ESI or a control induction followed by a vigilance task to elicit spontaneous thoughts, which were audio-recorded at random stops and later analyzed by independent coders for episodic specificity. We had two main aims. First, we investigated whether the lack of age-related differences in the episodic specificity of IAMs would generalize: (i) in a lab-task, (ii) from past to spontaneous thoughts in general, and future thoughts particularly, and (iii) when episodic specificity was assessed by independent coders. The lack of age-related differences in our study would indicate that age effects in episodic specificity are diminished in spontaneous retrieval. Second, we examined whether the episodic specificity of spontaneous thoughts depends upon the deliberate involvement of event construction by comparing the influence of the ESI to a control induction procedure prior to the elicitation of spontaneous thoughts \[[@pone.0237340.ref012]\]. Additionally, given the novelty of the present approach and the scarce evidence on the topic, we analyzed several phenomenological variables including emotional valence and arousal (that have been shown to interact with specificity in deliberate retrieval; \[[@pone.0237340.ref028],[@pone.0237340.ref054]\]), visual/verbal imagery, and detail based on subjective ratings.

2. Materials and methods {#sec006}
========================

This study was approved by the Ethics Committee of the Faculty of Psychology and Education Sciences of the University of Coimbra. Oral consent for participation was obtained prior to data collection as approved by the Ethics Committee. The oral format was chosen due to the reluctance of some older participants to provide their written signature, and was obtained for every participant by the first author. The younger participants were undergraduate Psychology students that chose to participate for extra credit. Older adults did not receive compensation for participating.

2.1. Sample {#sec007}
-----------

To determine the sample size necessary to identify an ESI effect, we reviewed previous studies with younger and older adults. For memories and imagined scenarios the effect ranges from .62 to .78 \[[@pone.0237340.ref011],[@pone.0237340.ref050],[@pone.0237340.ref055]\]. Based on an a priori power analysis, considering an effect of *d* = .60, power = .80 and a two-tailed repeated measures test we determined a sample of 24 participants for each age group \[[@pone.0237340.ref056]\]. This sample size is adequate to identify large overall age-differences in specificity (*d* \> .80, power = .80, one-tailed test) similar to studies investigating memory and imagination (e.g., \[[@pone.0237340.ref011],[@pone.0237340.ref050]\]). This should ensure that when overall age-related differences in episodic specificity in spontaneous thoughts are similar to those found in deliberate thoughts, we will be able to identify them.

Participants were excluded if they reported a history of neurological or psychiatric diagnosis, and/or moderate to severe depressive symptomatology, based on a total score of more than 18 assessed using the Beck Depression Inventory II (BDI-II \[[@pone.0237340.ref057],[@pone.0237340.ref058]\]). Older adults also performed a cognitive function test and no participant showed evidence of cognitive decline (based on Portuguese norms, cut-off 2 standard deviations below the mean for age and education level; Montreal Cognitive Assessment, MoCA; \[[@pone.0237340.ref059],[@pone.0237340.ref060]\]). Thirteen participants (10 younger and 3 older adults) were excluded based on a history of neurological or psychiatric diagnosis, and 5 participants (4 younger and 1 older adult) based on moderate to severe depressive symptomatology. The final sample comprised 24 younger adults \[22 women, mean age in years (*M*) = 20.21, *SD* = 2.75, range 18--30\] and 24 older adults (22 women, *M* = 67.58, *SD* = 3.92, range 61--77). There was no evidence of age-related differences in the number of years of education (based on *U* Mann--Whitney, *Z* = - 0.95, *p* = .34) between younger (*M* = 13.98, *SD* = 1.62) and older participants (*M* = 13.17, *SD* = 4.54).

2.2. Design {#sec008}
-----------

The study used a quasi-experimental design, with type of induction (episodic specificity induction, control induction) as a within-subjects variable and age group (younger, older) as a between-subjects variable. Our main dependent variables were the frequency of spontaneous task-unrelated thoughts and their episodic specificity, as measured by an overall specificity score, a specific events measure and strictly episodic score (see section 2.6.2 for more details on the episodic specificity measures).

2.3. Procedure {#sec009}
--------------

The experimental procedure is represented in [Fig 1](#pone.0237340.g001){ref-type="fig"}. Participants attended two sessions, approximately 7 days apart (*M =* 7.13, *SD* = 1.30). Both sessions included an initial induction procedure (episodic or control), in which a video was presented, followed by a vigilance task to elicit spontaneous thoughts. Task presentation was counterbalanced in all eight possible combinations for order of induction (control, episodic specificity), video (version A, version B) and vigilance task (version A, version B), to rule out order effects. There was an exception to the full counterbalance for one participant in the older adults' group. In this case, the order of presentation of the videos was switched, so that there is one more participant in this group with one of the two possible orders for video presentation. Importantly, this did not affect the counterbalance of other variables (i.e., vigilance task version and control/episodic specificity induction). Thus, it was unlikely that this case would impact the results and it was included in the final sample.

![Experimental procedure.\
MoCA stands for Montreal Cognitive Assessment (\[[@pone.0237340.ref059]\]; European Portuguese version, \[[@pone.0237340.ref060]\]) and BDI-II stands for Beck Depressive Inventory II (\[[@pone.0237340.ref057]\]; European Portuguese version, \[[@pone.0237340.ref058]\]).](pone.0237340.g001){#pone.0237340.g001}

At the end of the first session, we collected sociodemographic and clinical information, and older adults were administered the cognitive screening test. At the end of the second session, both groups filled in a depressive symptomatology inventory and were asked about what they thought the aim of the experiment was. No participant mentioned that the experiment aimed to analyze specificity.

2.4. Episodic specificity and control induction {#sec010}
-----------------------------------------------

For the episodic specificity and control induction we followed the procedure applied previously \[[@pone.0237340.ref011],[@pone.0237340.ref049],[@pone.0237340.ref050]\]. Participants were assigned to two sessions, beginning with a 2-minute video, which we asked participants to watch attentively. The video was different in each session, but both depicted a man and a woman performing actions in a kitchen (e.g., taking a detergent box outside of a paper bag, putting a bunch of flowers into water). This was followed by a 3-minute filler task (addition/subtraction math problems). Then, in the ESI, participants were asked to create a mental image and describe the details of the surroundings, people and actions depicted in the video as completely as possible. In contrast, in the control induction, participants were asked to solve more math problems \[[@pone.0237340.ref049]\], as this has been identified as the most neutral control condition (see \[[@pone.0237340.ref011]\]). The instructions were translated from English to European Portuguese by one of the authors (MJ) and edited for clarity with two Portuguese native speakers with research experience.

2.5. Vigilance task {#sec011}
-------------------

After the induction procedure, participants performed a vigilance task designed to elicit spontaneous task-unrelated thoughts (sTUTs). Prior to starting the task participants assessed their motivation level on a scale from 1 (not motivated at all) to 5 (completely motivated) to perform the task. By asking for this assessment before the task, we aimed to avoid the influence of perceived performance on these ratings \[[@pone.0237340.ref061]\].

The vigilance task included 159 trials consisting of 72 words or 87 five-dot sequences ("\.... .") that were presented randomly. Each stimulus was on screen for 3 seconds, followed by a 3 seconds inter-stimuli interval (ISI, as represented in [S1 File](#pone.0237340.s001){ref-type="supplementary-material"}). The total duration of the vigilance task without probes was 15.9 minutes. Stimuli were presented either in black or yellow and participants were asked to say "yes" out loud when a yellow stimulus was presented (target), which were recorded by an experimenter. Only three of the stimuli were presented in yellow (1.9% of the stimuli, similar to reference \[[@pone.0237340.ref036]\]). Stimuli were displayed in 64-point bold Arial on a 1366 pixels (width) x 768 pixels (height) screen, using E-Prime 2.0 (Psychology Software Tools, Pittsburgh, PA).

During the vigilance task, randomized probes were presented in intervals of 54, 78 and 108 seconds (or 9, 13 or 18 trials), similar to previous studies (e.g., 52.5 to 105 seconds, see reference \[[@pone.0237340.ref062]\]). When probes were presented, participants were asked to stop and \"describe out loud everything you can about what was on your mind immediately before you saw this screen" to an audio recorder. To make sure the participants reported everything that came to mind, a standardized prompt was used after every description ("Can you describe anything more about that thought? I want to know all the details that you thought about"). Immediately after, participants answered additional questions presented verbally by the experimenter, including ratings for spontaneity, triggers, temporality, visual imagery, valence, arousal and detail. For spontaneity, participants used a scale from 1 = I wasn\'t trying to bring this to my mind at all, to 7 = I tried very hard (as in e.g., reference \[[@pone.0237340.ref063]\]). For triggers, participants were asked to indicate whether the content was triggered by an external stimulus, and if so, what stimulus. For temporality, participants classified a thought as past, present or future-oriented if it was related to something occurring before, during or after the task, respectively, and atemporal if the thought lacked a temporal orientation (following reference \[[@pone.0237340.ref064]\]). For visual imagery, participants classified their thoughts as predominantly verbal or visual (following reference \[[@pone.0237340.ref065]\]). For valence, arousal and detail, participants used a 1 to 7 scale (from very unpleasant to extremely pleasant, not intense at all to extremely intense and not detailed at all to extremely detailed). After the completion of the vigilance task, participants were asked to indicate their level of concentration and the difficulty of the task (from 1 = not concentrated/difficult at all to 5 = extremely concentrated/difficult).

There were two versions of the vigilance task for each session. Each version included 72 different words which were included in the task to facilitate spontaneous retrieval (for the role of meaningful stimuli in spontaneous thought and aging see \[[@pone.0237340.ref008]\]). These words were selected from an extensively studied word pool that were matched in terms of valence, arousal \[[@pone.0237340.ref066]\], frequency, concreteness and imageability (\[[@pone.0237340.ref067]\], see [S1 File](#pone.0237340.s001){ref-type="supplementary-material"} for the list of words and statistical comparison of each version). The cue frequency was approximately one cue-word every 13.33 seconds (*SD* = 3.85).

This vigilance task was based on our previous adaptation \[[@pone.0237340.ref017]\] of a task created by Schlagman and Kvavilashvili \[[@pone.0237340.ref036]\]. Our earlier study found no evidence of age differences in MW frequency \[[@pone.0237340.ref017]\], suggesting that the adaptation controlled for confounding factors, such as possible age-related differences in the use of pre-determined and forced-choice response options to describe mental contents \[[@pone.0237340.ref008]\]. In the current study, we made three additional improvements. First, we increased the number of probes to 12, increasing the ability to capture sTUTs. Second, we made the content between each probe comparable, by presenting the same number of word cues with equivalent characteristics in each probe interval. Third, we used an ISI of 3 seconds following the presentation of each stimulus, to facilitate catching spontaneous thoughts. The 3 second ISI does not require a thought to be maintained for a long period of time in order to be caught by the probe.

2.6. Experimenter coding {#sec012}
------------------------

### 2.6.1. Type of thought {#sec013}

To classify thoughts elicited during the vigilance task, we followed a family resemblances view of MW \[[@pone.0237340.ref068]\]. According to this approach, MW is a naturally heterogeneous concept that includes sTUTs, and the main concern of experiments should be to specify the type of MW being assessed. Here, we determined if thoughts were related or unrelated to the task based on independent coders' assessment of the descriptions provided by participants. We started by asking participants to classify task-relatedness on a 1 to 7 scale (not at all related to completely related), but a preliminary analysis of the responses suggested that this question was confusing. Specifically, some participants would automatically classify a thought as task-related if it was triggered by a stimulus presented in the task, irrespective of the content being related to the task or not, thereby confounding the stimulus-(in)dependency and task-(un)relatedness dimensions. Based on this observation we decided to code task-relatedness using independent assessment by coders. An example of a task-related thought from our sample was "I was thinking that my reaction time to the yellow \[target\] is increasing as the task goes on". Examples of thoughts unrelated to the task are presented in [Fig 2](#pone.0237340.g002){ref-type="fig"}.

![Examples of task-unrelated thoughts coded for specificity based on the TEMPau (the descriptions of each category are adapted from \[[@pone.0237340.ref045]\]).](pone.0237340.g002){#pone.0237340.g002}

Additionally, independent coders identified two types of sTUTs that were not suitable for the episodic specificity analysis: external distractions and earworms. First, we defined external distractions (EDs) as "sensory perceptions/sensations irrelevant to the current task" (\[[@pone.0237340.ref069]\], p. 371), in which environmental features capture the participant's attention (as in \[[@pone.0237340.ref069],[@pone.0237340.ref070]\]). This included thoughts such as "My feet are getting cold" and "The ladies \[outside\] are talking too loud". Second, we separately defined earworms or involuntary musical imagery in which participants described having only music in mind \[[@pone.0237340.ref071]\]. There is evidence that musical memories rely on a different cognitive system and show distinct age-related patterns (e.g., \[[@pone.0237340.ref072]\]), suggesting possible interactions with aging also in spontaneous retrieval. For this reason, we analyzed these spontaneous thoughts separately.

### 2.6.2. Episodic specificity {#sec014}

Unlike previous studies using the ESI with older adults \[[@pone.0237340.ref011],[@pone.0237340.ref050],[@pone.0237340.ref055]\], we were not able to assess specificity based on the number of internal and external details \[[@pone.0237340.ref026]\]. This was due to the nature of the descriptions provided by participants in which much of the information related with time and place was provided implicitly. Take the following example: "I was thinking that my roommate let olive oil burn and then we had to be lightening up candles to see if that smell went away\". Here, there is no explicit mention of a specific time and place, and, thus, this information would not be scored based on the number of internal and external details \[[@pone.0237340.ref073]\]. However, the description does imply a specific event, in contrast with descriptions in which time and place details are not mentioned such as: \"I was thinking about my brother, I imagined his image and his way of being\". Additionally, the descriptions were usually short. In contrast, participants typically provide a narrative with a beginning, middle and end when asked to explicitly recall memories, and are thus more likely to naturally mention details related to time and place. To better capture episodic aspects of spontaneous thoughts we used the coding scheme of the TEMPau \[[@pone.0237340.ref045]\], which focuses on the nature of the event described (repeated or extended in time, with or without a place) while still enabling the identification of situations in which additional detail (such as feelings or visual imagery) is provided. Importantly, the TEMPau can capture age-related differences in episodic specificity for voluntary thoughts \[[@pone.0237340.ref045]\]. One minor change was introduced to the coding scheme to account for atemporal scenarios (e.g., "I saw many refugees in a small boat, struggling"). Atemporal scenarios were coded 1 although they did not include time information (see [S2 File](#pone.0237340.s002){ref-type="supplementary-material"} for instructions) in order to distinguish these more detailed descriptions from general information statements (in line with reference \[[@pone.0237340.ref065]\]). In [Fig 2](#pone.0237340.g002){ref-type="fig"}, we present examples of the adapted TEMPau categories from the present data.

To examine episodic specificity we calculated overall and strictly episodic scores, based on the TEMPau \[[@pone.0237340.ref045]\]. The overall score includes all instances in which participants described an event, either specific or generic (levels 1 to 4 in the TEMPau), which allowed us to characterize thoughts associated with events irrespective of whether they referred to a unique experience or not. This is important following the idea that events are key to mental time travel and provide a better contrast to semantic memory than the unique occurrences emphasized by episodic memory \[[@pone.0237340.ref074]\]. In contrast, the strictly episodic score includes only specific events described with detail (level 4 in the TEMPau). The presence of phenomenological detail associated with a specific event is considered diagnostic of the degree of episodicity and reliving (\[[@pone.0237340.ref045]\], based on \[[@pone.0237340.ref075],[@pone.0237340.ref076]\]), which was a central focus of the current study. We included one additional measure of episodic specificity to capture thoughts referring to specific events with and without detail (levels 3 and 4 in the TEMPau; based on \[[@pone.0237340.ref024]\]). This is a widely accepted definition of episodic specificity that has been shown to adequately distinguish psychopathological memory changes \[[@pone.0237340.ref077]\]. Additionally, including the same measure used as a previous diary study on IAMs \[[@pone.0237340.ref024]\] is important to assess whether the null age-related effect generalizes when tested in the laboratory environment.

Finally, we also investigated differences in episodic specificity using all of the categories distinguished in the TEMPau coding scheme \[[@pone.0237340.ref045]\]. These included: general knowledge, repeated/extended event not situated in time and place, repeated/extended event situated in time and place, specific event situated in time (\<24h) and place without additional details, and specific event situated in time (\<24h) and place with additional details. This was an exploratory analysis deemed important by the scarcity of studies analyzing the specificity of sTUTs and aging.

The complete coding process is summarized in [Fig 3](#pone.0237340.g003){ref-type="fig"}. As shown, we focused on identifying sTUTs and determining episodic specificity, by distinguishing task-unrelated thoughts by TEMPau level \[[@pone.0237340.ref045]\]. As represented, we used the TEMPau levels to determine the strictly episodic score (level 4), the episodic event score (level 3 and 4) and the overall score (level 1 to 4). This coding process provides a measure of the frequency of specific events as reported by participants, and better allows for comparisons with previous research \[[@pone.0237340.ref024],[@pone.0237340.ref045]\].

![Summary of the experimenter coding process for thoughts classified as spontaneous by the participants (the TEMPau categories are based on \[[@pone.0237340.ref045]\]).](pone.0237340.g003){#pone.0237340.g003}

### 2.6.3. Interrater reliability {#sec015}

Two coders (MJ and a Psychology student) categorized each thought record according to whether: (1) they were a case of external distraction, earworm or none of those two, (2) they were task-related or unrelated, (3) episodic specificity. Situations in which participants reported they had nothing on their mind, and/or non-spontaneous thinking were not coded, but instead were excluded from further analyses. Coders were blind to the experimental conditions, and all coders but MJ were blind to the hypotheses; however, participant age could sometimes be inferred from the audio record. Disagreements were analyzed by a third independent coder (a Psychology student) who was also blind to experimental condition and hypotheses. The interrater reliability was good (for OAs; *Kappa* = .73) or very good (for YAs; *Kappa* = .80) for identifying external distractions and earworms, very good (*Kappa* = .87 for OAs; *Kappa* = .89 for YAs) for task-(un)relatedness, and good (weighted *Kappa* = .79 for OAs; weighted *Kappa* = .72 for YAs) for episodic specificity.

3. Results {#sec016}
==========

3.1. Statistical analyses {#sec017}
-------------------------

We were interested in possible null effects for sTUTs frequency and episodic specificity. Thus, for these variables we followed null results in the frequentist analyses with Bayesian analyses. These were performed with the JASP software \[[@pone.0237340.ref078]\] and, if not indicated otherwise, are based on the JASP default settings (fixed effects with r scale prior width of 0.5 for repeated-measures ANOVAs). For the frequentist analyses, we used an alpha level of 0.05 and performed all tests with the Statistical Package for the Social Sciences (SPSS) software, version 22.

3.2. Self-rated motivation, concentration and task difficulty {#sec018}
-------------------------------------------------------------

We investigated motivation, concentration and task difficulty ratings separately in 2 (age group: young, older) × 2 (type of induction: ESI, control) mixed ANOVAs (see variable description by group and induction in [Table 1](#pone.0237340.t001){ref-type="table"}). We found no main effects or interactions (*p*'s \> .11), except for concentration, in which older adults reported greater concentration levels (*M* = 4.29, *SD* = 0.72) than younger adults (*M* = 3.71, *SD* = 0.72) across type of induction, *F*(1,46) = 7.69, *MSE* = 8.17, *p* = .008, η~*p*~^2^ = .14.

10.1371/journal.pone.0237340.t001

###### Mean ratings (standard deviation) of motivation, concentration and difficulty by age group in the episodic specificity induction (ESI) and in the control induction.

![](pone.0237340.t001){#pone.0237340.t001g}

                            ESI           Control
  --------------- --------- ------------- -------------
  Motivation      Younger   4.17 (0.70)   4.21 (0.78)
                  Older     4.42 (0.93)   4.46 (0.72)
  Concentration   Younger   3.75 (1.03)   3.67 (0.82)
                  Older     4.29 (0.75)   4.29 (0.75)
  Difficulty      Younger   1.58 (1.10)   1.46 (0.72)
                  Older     1.13 (0.45)   1.42 (0.78)

3.3. Type of thought {#sec019}
--------------------

Overall, a total of 1152 probes was presented, 576 for each age group. We started by analyzing spontaneity based on the ratings given by participants. Thoughts rated from 1 to 3 were categorized as spontaneous, 4 as undecided, and 5 to 7 as deliberate. The majority of the thoughts were spontaneous (84% in YA and 86% in OA). Younger adults reported spontaneous thoughts in 298 probes (52%) and OAs in 315 probes (55%). For YAs, these probes included 14 earworms, 6 EDs, 53 task-related thoughts and 225 sTUTs. For OAs, these probes included no earworms, 25 EDs, 83 task-related thoughts and 207 sTUTs. The mean frequency and standard deviation of each type of spontaneous thought by type of induction and age group is presented in [Table 2](#pone.0237340.t002){ref-type="table"}. Inspection of the frequency distributions of earworms, external distractions and task-related thoughts revealed that they were not normal (Shapiro-Wilk test, *p* \< .001) and variances were mainly heterogeneous (*p ≤* .001, except task-related thoughts in ESI, *p* = .310), thus we used the Mann-Whitney *U* test to test for differences due to age-group. Earworms were more frequent for younger than older adults in both the control (*Z* = - 2.34, *p* = .02) and ESI (*Z* = - 2.59, *p* = .01). Younger adults also experienced significantly fewer EDs than older adults in the control induction (*Z* = - 2.54, *p* = .01).

10.1371/journal.pone.0237340.t002

###### Mean number (standard deviation) of spontaneous earworms, external distractions, task-related thought, and task-unrelated thought (TUT) reported by each age group, in the episodic specificity induction (ESI) and in the control induction.
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                                       ESI           Control
  ---------------------- ------------- ------------- -------------
  Earworm                Younger       0.33 (0.64)   0.25 (0.53)
                         Older         None          None
  External distraction   Younger       0.13 (0.34)   0.13 (0.34)
  Older                  0.50 (0.93)   0.54 (0.72)   
  Task-related           Younger       1.25 (1.60)   0.96 (1.12)
                         Older         1.54 (1.69)   1.92 (1.98)
  Task-unrelated         Younger       4.58 (3.23)   4.75 (3.25)
                         Older         4.29 (3.52)   4.33 (3.33)

3.4. Spontaneous TUTs frequency {#sec020}
-------------------------------

To examine the frequency of sTUTs we performed a 2 (age group: young, older) × 2 (type of induction: ESI, control) mixed ANOVA. As expected, there was no main effect for age group (*p* = .695), type of induction (*p* = .765), or their interaction (*p* = .857).

To characterize whether the lack of finding reflected a true null effect we conducted a Bayesian analysis including the same factors 2 (age group: young, older) × 2 (type of induction: ESI, control). The inverse Bayes factor for age group indicates that the present data is twice as more likely under a null effects model (BF~01~ = 2.23), providing weak support for the null hypothesis (following guidelines in \[[@pone.0237340.ref079]\]). If we consider that the medium effect size of age-related differences in MW in previous studies has been shown to be 0.89 \[[@pone.0237340.ref008]\] and adapt the prior information accordingly, the inverse Bayes factor for age group (BF~01~ = 3.20) indicates moderate support for the null hypothesis. For type of induction (BF~01~ = 4.55) the evidence in favor of the null hypothesis was moderate. Thus, these findings suggest that training participants to report episodic details with the ESI does not change the amount of sTUT experienced by participants. The comparison between younger and older adults is in line with the absence of age-related effects found previously. When the size of previous age effects is considered, there is moderate evidence that such difference in the amount of sTUTs experienced by younger and older adults is not observed here.

It should be noted that these analyses are based on the raw number of sTUTs, rather than the proportion of sTUTs out of all spontaneous thoughts. Raw scores, or its proportion by number of probes, are the most common way to measure sTUTs and MW \[[@pone.0237340.ref008]\], and thus allow us to compare effect sizes in the present study with those of previous studies and, importantly, to use a previous mean effect size based on this type of measure to refine our Bayesian analyses. Further, using the proportions of sTUTs out of all spontaneous thoughts, instead of raw scores, in the 2 (age group: young, older) × 2 (type of induction: ESI, control) mixed ANOVA did not change the results, which continued to show no effect of age group (*p* = .317), type of induction (*p* = .583), or their interaction (*p =* .266).

Finally, the within-participants design allowed us to conduct a correlational analysis between sTUTs frequency in the first and second sessions of the vigilance task. Along with the prediction of no main effect for type of induction, for which we found supporting evidence, we would expect a positive correlation for sTUT frequency within participants. This correlation was indeed positive and significant for both younger (*r* = .657, *p* \< .001) and older adults (*r* = .818, *p* \< .001), further indicating that the vigilance task reliably elicits sTUTs.

3.5. Participant-based classifications {#sec021}
--------------------------------------

We also investigated the impact of several key variables based on participants' classification on the frequency of sTUTs by including them in separate ANOVAs (see the descriptive statistics for trigger status, temporality and visual/verbal form in the [S3 File](#pone.0237340.s003){ref-type="supplementary-material"}). To examine the impact of trigger status, we performed a 2 (age group: young, older) × 2 (type of induction: ESI, control) × 2 (trigger status: without trigger, with trigger) mixed ANOVA on the frequency of sTUT. We found a main effect of trigger status, *F*(1,46) = 45.22, *MSE* = 475.02, *p* \< .001, η~*p*~^2^ = .50, as sTUTs with a trigger (*M* = 3.82, *SD* = 3.10) were more frequent than sTUTs without a trigger (*M* = .68, *SD* = .72). No other effects or interactions were found (*p*'s \> .67). The Bayesian analyses were consistent with these results, showing moderate to extreme support for models excluding all effects and interactions (BF~Exclusion~ \> 9.16) but trigger status (BF~Exclusion~ \< 0.01). Regarding type of trigger, 76.4% of all spontaneous thoughts were triggered by cue words presented in the task, as in other similar paradigms \[[@pone.0237340.ref036]\].

To examine the impact of temporality, we performed a 2 (age group: young, older) × 2 (type of induction: ESI, control) × 4 (temporality: past, present, future, atemporal) mixed ANOVA on the frequency of sTUTs. The Greenhouse-Geisser correction was used here and elsewhere to adjust for violations of sphericity. We found a main effect of temporality, *F*(2.40,110.36) = 5.25, *MSE* = 22.20, *p* = .004, η~*p*~^2^ = .10, and post-hoc analyses revealed that past sTUTs (*M* = 1.56, *SD* = 1.66) were more frequent (*p* = .003) than present sTUTs (*M* = 0.69, *SD* = 0.75). Additionally, temporality interacted with age group, *F*(2.40,110.36) = 3.49, *MSE* = 14.74, *p* = .026, η~*p*~^2^ = .07, with post-hoc analyses showing that present sTUTs were more frequent in older than younger adults (*p* \< .001, *M* = 0.25, *SD* = 0.74 for YAs and *M* = 1.13, *SD* = 0.74 for OAs), with no evidence of age differences in other temporalities (*p ≥* .07). No other effects or interactions were found (*p*'s \> .16). The Bayesian analyses supported models including the temporality effect and the interaction with age group (BF~Exclusion~ \< 0.10). For age group the evidence arising from the Bayesian analysis was inconclusive (BF~Exclusion~ = 0.47), while there was strong to extreme support for models excluding type of induction and remaining interactions (BF~Exclusion~ \> 20.40).

We examined the impact of the verbal or visual form on the frequency of sTUTs, in a 2 (age group: young, older) × 2 (type of induction: ESI, control) × 2 (form: verbal, visual) mixed ANOVA. This revealed a main effect of form, *F*(1,46) = 4.54, *MSE* = 26.25, *p* = .038, η~*p*~^2^ = .09, which was reflected by less frequent verbal sTUTs (*M* = 1.85, *SD* = 1.47) than visual sTUTs (*M* = 2.59, *SD* = 2.34). There was also interaction between form and age group, *F*(1,46) = 7.46, *MSE* = 43.13, *p* = .009, η~*p*~^2^ = .14. Post-hoc analyses revealed that verbal sTUTs (*M* = 1.50, *SD* = 1.47) were less frequent (*p* = .001) than visual sTUTs (*M* = 3.19, *SD* = 2.34) in younger adults, but frequency did not differ according to form in older adults (verbal: *M* = 2.21, *SD* = 1.47; visual: *M* = 2.00, *SD* = 2.34). No other effects or interactions were found (*p*'s \> .34). This was in line with the Bayesian analysis that showed moderate to extreme support for a model excluding all effects and interactions (BF~Exclusion~ \> 7.99) but age group (BF~Exclusion~ = 0.07), form (BF~Exclusion~ = 0.01) and their interaction (BF~Exclusion~ = 0.02).

Finally, we conducted analyses for detail, valence, and arousal on a subsample of 21 YAs and 18 OAs who reported sTUTs in both sessions (ESI and control), in order to assess potential changes on these phenomenological dimensions (see [Table 3](#pone.0237340.t003){ref-type="table"} for descriptive statistics). We conducted a 2 (age group: young, older) × 2 (type of induction: ESI, control) mixed ANOVA separately for each rating, however, there were no effects or interactions (all *p*'s \> .18).

10.1371/journal.pone.0237340.t003

###### Mean ratings (standard deviation) of detail, valence and arousal by age group in the episodic specificity induction (ESI) and in the control induction.
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                      ESI           Control
  --------- --------- ------------- -------------
  Detail    Younger   4.07 (1.26)   4.27 (0.91)
            Older     3.56 (1.54)   3.94 (1.09)
  Valence   Younger   3.93 (0.96)   3.98 (0.53)
            Older     4.21 (0.86)   4.14 (0.98)
  Arousal   Younger   3.05 (1.39)   2.85 (1.19)
            Older     3.25 (1.31)   3.33 (1.34)

3.6. Spontaneous TUTs episodic specificity {#sec022}
------------------------------------------

### 3.6.1 Episodic specificity measures {#sec023}

We conducted 2 (age group: young, older) × 2 (type of induction: ESI, control) mixed ANOVAs on the overall, strictly episodic scores, and episodic events with and without detail (for a summary these measures, please see [Fig 3](#pone.0237340.g003){ref-type="fig"}). There were no significant main effects or interactions (all *p*'s \> .10). To ensure that these results were not due to the order in which the experimental manipulation was administered to the participants, we conducted additional analyses and confirmed that the results were not altered by including the order of the type of induction (which was counterbalanced between participants) in the analyses. Additionally, the order of the type of induction did not show significant main effects or interactions (*p*'s ≥ .08). To characterize whether the lack of significant findings reflected a true null effect we conducted additional Bayesian analyses. For the overall episodic specificity score, there was weak support for the null or the alternative hypothesis for either the effect of age group (BF~01~ = 1.80) and induction (BF~01~ = 2.13). However, there was strong evidence in favor of the null (BF~01~ = 13.21) for the interaction. If we consider that the effect size of age-related differences in deliberate retrieval for a similar episodic specificity measure in a previous study has been shown to be 1.08 \[[@pone.0237340.ref045]\], and adapt the prior information accordingly, the inverse Bayes factor for age group (BF~01~ = 2.99) indicates moderate support for the null hypothesis. This suggests that episodic specificity in younger and older adults does not differ here as in deliberate retrieval. For the strictly episodic score, there was moderate to strong support for the null hypothesis for both main effects and the interaction (BF~01~ \> 3.88). A similar result was found for the age effect (BF~01~ = 5.51) when adapting the prior based on a previous effect size of 0.74 \[[@pone.0237340.ref045]\]. For the episodic events with and without detail there was no clear support for age-related differences or their absence (BF~01~ = 1.03), but moderate evidence in favor of the null hypothesis for the type of induction and the interaction (BF~01~ \> 4.68). A similar result is found for the age effect (BF~01~ = 1.97) when adapting the prior based on a previous effect size of 1.38 \[[@pone.0237340.ref024]\]. These findings demonstrate that an induction targeting event construction does not increase the specificity of thoughts retrieved spontaneously. Additionally, older adults do not show a reduction in the number of events and detailed specific events to the degree they do in deliberate retrieval. However, for specific events (with or without detail) the results were inconclusive.

### 3.6.2 Episodic specificity categories {#sec024}

Finally, we investigated the frequency of all types of thoughts as defined by the TEMPau (see [Table 4](#pone.0237340.t004){ref-type="table"}). We conducted a 2 (age group: young, older) × 2 (type of induction: ESI, control) × 5 (TEMPau category: general knowledge, repeated/extended event not situated in time and place, repeated/extended event situated in time and place, specific event situated in time and place without additional details, specific event situated in time and place with additional details) mixed ANOVA. We found a main effect of TEMPau category, *F*(2.50,114.92) = 48.36, *MSE* = 16.57, *p* \< .001, η~*p*~^2^ = .27. Post-hoc analyses revealed that general knowledge sTUTs (*M* = 1.77, *SD* = 1.50) were more frequent than sTUTs in any other category (*p*'s \< .001) except specific events without detail (*p* = .09, *M* = 1.04, *SD* = 1.01). In turn, specific events without detail were more frequent than specific events with detail (*p* = .012, *M* = 0.52, *SD* = 1.50) and repeated/extended events situated in time and place (*p* \< .001, *M* = 0.32, *SD* = 0.51). Additionally, the interaction between TEMPau category and type of induction was marginally significant, *F*(3.40,156.47) = 2.51, *MSE* = 2.78, *p =* .054, η~*p*~^2^ = .05. Post-hoc analyses revealed a reduction (*p* = .018) of general knowledge sTUTs in the ESI (*M* = 1.50, *SD* = 1.52) compared to the control induction (*M* = 2.00, *SD* = 1.84). The Bayesian analysis showed extreme support of a model including the main effect of TEMPau category (BF~Inclusion~ \> 100). Additionally, we found moderate and extreme evidence for models excluding all other factors and possible interactions (BF~Exclusion~ \> 7.45). These results suggest that the interaction found between TEMPau category and type of induction should be taken with caution. In sum, when thoughts were considered in terms of all the TEMPau categories the findings show that thoughts retrieved spontaneously are more frequently either about general knowledge or about non-detailed specific events. Additionally, there was marginally significant reduction in the number of sTUTs describing general knowledge after targeting event construction with the ESI, which was not supported by the Bayesian analysis Importantly, this did not translate in an increase of sTUTs in more specific events categories, for which there were no differences. Finally, the frequency of sTUTs in different TEMPau categories was the same for younger and older adults, supporting the role of spontaneous retrieval in reducing age effects.

10.1371/journal.pone.0237340.t004

###### Mean number (standard deviation) of spontaneous task-unrelated thought (TUT) in each TEMPau specificity category, for each age group in the episodic specificity induction (ESI) and in the control induction.
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                                                                                               ESI           Control
  ------------------------------------------------------------------------------ ------------- ------------- -------------
  General knowledge                                                              Younger       1.29 (1.23)   1.96 (1.99)
  Older                                                                          1.71 (1.76)   2.13 (1.68)   
  Repeated/extended event not situated in time and place                         Younger       1.08 (1.72)   0.71 (1.08)
  Older                                                                          0.92 (1.56)   0.67 (1.24)   
  Repeated/extended event situated in time and place                             Younger       0.21 (0.51)   0.33 (0.56)
  Older                                                                          0.50 (0.93)   0.25 (0.53)   
  Specific event situated in time (\<24h) and place without additional details   Younger       1.29 (1.16)   1.42 (1.41)
  Older                                                                          0.79 (1.14)   0.67 (1.20)   
  Specific event situated in time (\<24h) and place with additional details      Younger       0.71 (1.12)   0.38 (.58)
  Older                                                                          0.38 (0.88)   0.63 (1.17)   

### 3.6.3. Episodic specificity in past vs future-oriented sTUTs {#sec025}

To investigate whether the present data replicate previous findings with respect to the similarities and differences between past and future sTUTs, we included temporality as a factor and repeated the analysis by including the overall and strictly episodic score, specific events, and TEMPau category. In order to directly compare past and future, we did not include present and atemporal sTUTs in these analyses. Thus, we conducted separate 2 (age group: young, older) × 2 (type of induction: ESI, control) × 2 (temporality: past, future) mixed ANOVA on each of the measures. First, turning to the overall specificity score, we found a main effect of temporality, *F*(1,46) = 8.88, *MSE* = 27.00, *p* = .005, η~*p*~^2^ = .16, which was due to a greater overall specificity score for pastoriented (*M* = 1.41, *SD* = 1.54) than future-oriented (*M* = 0.66, *SD* = 0.84) sTUTs. Second, for the strictly episodic score we found a similar pattern of results, with a main effect of temporality, *F*(1,46) = 13.66, *MSE* = 6.75, *p* = .001, η~*p*~^2^ = .23, such that past-oriented sTUTs were more specific (*M* = 0.43, *SD* = 0.67) than future-oriented ones (*M* = 0.05, *SD* = 0.21). Third, we found a main effect of temporality on specific events (with and without detail), *F*(1,46) = 5.60, *MSE* = 11.02, *p* = .022, η~*p*~^2^ = .11, with more specific events about the past (*M* = 0.97, *SD* = 1.15) than the future (*M* = 0.49, *SD* = 0.72). There were no other significant main effects or interactions (all *p*'s \> .06). The effect closer to significance was a main age group effect for the strictly episodic score *F*(1,46) = 3.49, *MSE* = 6.02, *p* = .068, η~*p*~^2^ = .07, where older adults showed numerically lower specificity (*M* = 0.55, *SD* = 0.66) than younger adults (*M* = 0.91, *SD* = 0.66). We further explored these effects in a Bayesian analyses that showed moderate to extreme evidence for models excluding all variables and interactions but temporality (BF~Inclusion~ \> 100) for both the overall and strictly episodic scores (BF~Exclusion~ \> 3.88). For specific events, we found moderate to extreme evidence for models excluding in all variables and interactions (BF~Exclusion~ \> 4.73) but temporality (BF~Inclusion~ = 8.88) and age group (BF~Inclusion~ = 0.40). A main effect of temporality described the best model (BF~10~ = 21.56), and adding the age group effect decreased the support for the model by a factor of 1.25. Thus, the impact of the age group is inconclusive in this case. In sum, across all three measures of episodic specificity we found more sTUTs related to the past than the future, and no evidence of differences for other variables, including age. For specific events a null effect of age could not be confirmed. Importantly, these findings show that the overall and strictly specificity of past sTUTs is the same in both younger and older adults, and that pattern extends to future sTUTs.

Finally, we included temporality as an additional factor and reexamined the frequency of TEMPau category by conducting a 2 (age group: young, older) × 2 (type of induction: ESI, control) × 5 (TEMPau category: general knowledge, repeated/extended event not situated in time and place, repeated/extended event situated in time and place, specific event situated in time and place without additional details, specific event situated in time and place with additional details) × 2 (temporality: past, future) mixed ANOVA. We found a main effect of TEMPau category, *F* (2.78,128.27) = 10.85, *MSE* = 6.12, *p* \< .001, η~*p*~^2^ = .19. Post-hoc analyses revealed that the main effect of TEMPau category was due to a pattern of differences between categories that was distinct from the overall analysis (including all temporalities). When including past and future sTUTs only, specific events without detail were more frequent than sTUTs in any other category of the TEMPau (*p's* ≤ .045). There was also a main effect of temporality, *F*(1,46) = 8.13, *MSE* = 5.70, *p* = .007, η~*p*~^2^ = .15, which was due to a greater frequency of past-oriented sTUTs (*M* = 0.31, *SD* = 0.33) than future sTUTs (*M* = 0.16, *SD* = 0.19). There were no other main effects or interactions (all *p*'s \> .07). These results were consistent with the Bayesian analyses that showed moderate to extreme evidence for models excluding all variables and interactions (BF~Exclusion~ \> 14.49), but TEMPau (BF~Inclusion~ \> 100), temporality (BF~Inclusion~ = 63.74) and their interaction (BF~Inclusion~ = 0.72). In sum, we found that past sTUTs were more frequent than future sTUTs, and both seem to describe specific events, with no differences between younger and older groups.

4. Discussion {#sec026}
=============

The present study examined episodic specificity in descriptions of spontaneous thought in aging. We also tested whether an ESI influenced the nature of information reported during spontaneous retrieval. Overall, we found no effects of age or the ESI, and moderate to extreme evidence for null effects in some of the episodic specificity measures. Our findings suggest that spontaneous retrieval bypasses event constructive processes that support episodic specificity, namely, by providing access to pre-stored event representations \[[@pone.0237340.ref039]\]. The absent or minimal involvement of event construction during spontaneous retrieval may also contribute to the attenuation of age-related changes in episodic specificity as found here. Below, we discuss these results by exploring the mechanisms supporting episodic specificity in spontaneous thought in aging.

4.1. Age-related differences {#sec027}
----------------------------

Replicating our previous study \[[@pone.0237340.ref017]\], we found no evidence for an age-related decrease in sTUTs frequency when key methodological confounds were controlled for (e.g., involvement of meta-awareness). The absence of age-related differences was supported by moderate evidence for a null age effect, and extended to a more fine-grained analysis of the data that focused only on past-oriented sTUTs (in line with IAM research; see e.g. \[[@pone.0237340.ref023]\]) and future-oriented sTUTs. For episodic specificity, we also found no age-related differences irrespective of how events were defined. Additionally, there was moderate support for a null effect in the number of events and specific events with detail. When focusing on past and future-oriented sTUTs, we found the same pattern of results. These results demonstrate that there is no consistent age-related decrease in episodic specificity for spontaneous retrieval, replicating previous results using self-report measures \[[@pone.0237340.ref024]\].

Our findings are in line with the idea that the recall of specific episodic information is supported by different mechanisms depending upon whether retrieval is involuntary/spontaneous or voluntary/deliberate \[[@pone.0237340.ref020]\]. In particular, it has been suggested that involuntary autobiographical memories and future thoughts emerge through a process based on cue-item discriminability \[[@pone.0237340.ref020]\], which accesses specific information, bypassing age-related differences in the top-down strategic processes required in deliberate recall. Two additional findings support this interpretation. First, we found that the majority of sTUTs were triggered by a cue, across age-group and type of induction. Second, both past and future sTUTs were more likely to reflect specific events across age-group. In sum, we found support for the role of spontaneous retrieval in attenuating age-related difficulties to access specific episodic information. In the context of the theories of cognitive aging, the present results extend the empirical support for the key role of reduced cognitive resources in age-related changes \[[@pone.0237340.ref080]\]. Consistent with this view, we did not find age-related differences in spontaneous retrieval when self-initiated processes are not required (for a review, see reference \[[@pone.0237340.ref001]\]).

4.2. Episodic specificity induction effect {#sec028}
------------------------------------------

We found no evidence of an ESI effect in either the frequency or episodic specificity of spontaneous thoughts. The ESI did not increase the number of specific events, either with or without detail, as shown by moderate evidence for a null effect in these measures. These findings are in line with a direct and automatic route involved in spontaneous retrieval (for a review, see reference \[[@pone.0237340.ref081]\]) and support the view that self-initiated processes are the main source of age-related differences in episodic detail (e.g., \[[@pone.0237340.ref082]\]). We also found the same results when looking at past and future sTUTs separately. During deliberate retrieval, future events have been shown to require more event construction than past events (for a review, see reference \[[@pone.0237340.ref083]\]). However, here, we found the same pattern of results for both temporal orientations, further supporting the view that spontaneous representations are similarly independent of event construction irrespective of whether they are temporally oriented to the past or future. We found evidence for an ESI effect when considering all TEMPau categories, reflected by a decrease in the amount of general thoughts. However, this decrease did not translate to a significant increase in more specific thoughts. Additionally, the Bayesian analysis did not support this marginally significant result, and thus it remains unclear to what extent the effect is relevant for interpretation. In any case, the evidence shown here suggests that, at least in the case of spontaneous thoughts, the ESI does not increase episodic specificity. We consistently failed to find significant differences in the number of specific events across different measures. It may be, nonetheless, that the ESI has an effect by increasing the amount of detail in thoughts that remain non-specific (not located in time and space). Such an effect would be better captured by scoring of the number of episodic details, which was not possible due to the nature of spontaneous thoughts elicited in the present study. We further discuss how to improve this aspect in the limitations section.

An alternative interpretation for the null ESI effect would be that cue-item discriminability mechanism supports the event construction of episodic details in an automatic fashion. More specifically, event construction would still be required but facilitated and accelerated by a "potent" cue (e.g., \[[@pone.0237340.ref084]\]), which would constitute a bottom-up constructive route, in addition to the deliberate top-down constructive process \[[@pone.0237340.ref085]\]. In this case, the spontaneous retrieval process would by itself increase episodic specificity and make the ESI effect redundant. However, if this was the case, there should be a ceiling effect in episodic specificity of spontaneous thoughts. On the contrary, we found only a small number of specific events with detail, indicating that there was room for the ESI effect to influence episodic specificity if spontaneous thoughts rely on event construction.

How can we explain the existence of pre-stored event representations? Mace \[[@pone.0237340.ref081]\] proposes an explanation for involuntary memory retrieval based on "literal" representations of events, which are conceptually equivalent to pre-stored event representations. He explains these representations in the context of constructive views that admit that "literal" event representation may stem from the episodic memory system \[[@pone.0237340.ref084]\]. Namely, these would be long-term fragments of event representations that have been previously constructed. However, there has not been, to our knowledge, an experimental test of this idea. Thus, further research is needed to understand how retrieval of events is possible in the absence of event construction. This is particularly important for spontaneous future events. If there is minimal event construction in spontaneous retrieval, novel future events cannot be spontaneously retrieved. Instead, spontaneous future thoughts would more appropriately be characterized as memories of future thoughts that have been deliberately recalled (and constructed) before. In fact, previous research supports the view that spontaneous future thoughts are "prestored representations of previously imagined events" (\[[@pone.0237340.ref040]\], p. 269). More recently, the evidence for this idea has been reviewed and developed in the dual process account of future thinking, which suggests that the majority of spontaneous future thoughts are pre-made and result from the activation of representations of previously constructed events \[[@pone.0237340.ref053]\].

In sum, we found that the ESI does not increase the number of specific events in spontaneous retrieval, consistent with an automatic mechanism that supports episodic specificity in spontaneous thoughts and with the absence or minimal of event construction in spontaneous retrieval.

4.3. Phenomenological characteristics {#sec029}
-------------------------------------

Regarding phenomenological characteristics, we found no age-related differences in self-reported detail, emotional arousal and valence. Thus, we did not replicate previous age-related differences in emotional arousal and valence \[[@pone.0237340.ref021]\], including an age-related positivity effect in spontaneous thought \[[@pone.0237340.ref024]\]. However, this result is difficult to interpret due to smaller sample sizes. The analysis of temporality in all sTUTs revealed there were more past than present-oriented thoughts. Present sTUTs were, in turn, more frequent for older adults, but the Bayesian analysis did not support this effect. When comparing only past and future-oriented sTUTs, the former were more frequent across age-group and type of induction. These results are in line with similar studies that report more past than present \[[@pone.0237340.ref086]\] and future-oriented sTUTs \[[@pone.0237340.ref062]\]. Finally, younger but not older adults showed more visual than verbal imagery, consistent with an age-related decrease in visual imagery ability \[[@pone.0237340.ref087]\]. Visual imagery is closely related to episodic specificity (e.g., \[[@pone.0237340.ref088]\]). Therefore, how can we explain that there are age-related differences in visual imagery but not in episodic specificity? This may be due to younger adults more frequently reporting visual images without any episodic context or event associated (e.g., "When I saw the word "rotten", I saw a rotten apple in my mind. There was not a specific context or time").

4.4. Limitations and future directions {#sec030}
--------------------------------------

One limitation of the current study is that we did not analyze episodic specificity based on internal and external details using the AI procedure \[[@pone.0237340.ref026]\], because the spontaneous thoughts examined contained more implicit information and were shorter descriptions. Although we distinguished between specific events without versus with episodic detail, it was not possible to quantify how much more detail there was, which reduced the precision of the analyses. To capture more explicit aspects of spontaneous thoughts, one alternative would be to include a post-recall deliberate elaboration after both spontaneous and deliberate retrieval. If spontaneous retrieval supports the automatic access to episodic detail then it should also facilitate subsequent deliberate elaboration of these same events and attenuate age-related differences compared to deliberate retrieval. Our findings highlight that it will be important for future research to consider the distinction between a specific event, as defined categorically with the TEMPau, and episodic detail as a continuum. Although it seems logical to assume that increasing episodic detail leads to more time and place details, and thus to more specific events, some studies have shown a dissociation between detail and specificity that is thought to reflect dissociations in underlying processes \[[@pone.0237340.ref089]\].

In the future, it will also be important to directly compare spontaneous with deliberate thoughts using the same experimental paradigm (e.g., \[[@pone.0237340.ref090]\]). Given the consistency of age-related decrease in episodic specificity in a variety of tasks (e.g., \[[@pone.0237340.ref010],[@pone.0237340.ref024],[@pone.0237340.ref026],[@pone.0237340.ref028],[@pone.0237340.ref031],[@pone.0237340.ref034],[@pone.0237340.ref045]\], it is likely that we would have found a similar effect here if we had asked older adults to generate deliberate thoughts. However, a direct comparison between deliberate and spontaneous conditions will provide conclusive evidence.

In our analyses there was an unequal number of sTUTs *per* participant, due to the unexpected nature of sTUTs and the consistent individual differences in sTUTs (e.g., \[[@pone.0237340.ref091]\]). This contrasts with previous ESI studies on deliberate memory and future thinking \[[@pone.0237340.ref011]\], and may have played a role in the absence of the ESI effect. Additionally, it excludes participants that do not report sTUTs in both sessions from the analyses on phenomenological characteristics. To equate sTUTs between subjects, future studies may use experience-sampling methods that probe participants until a certain number of sTUTs are recorded. Similar methods have been successful in studying spontaneous thoughts with both younger and older adults \[[@pone.0237340.ref018]\].

Finally, it is also worth noting that although education and gender were similarly distributed in the younger and older group, both included mainly women participants. Although we are not aware of any evidence indicating that an ESI effect would interact with gender, future studies including more men participants are important to dismiss the possibility of a gender related bias.

5. Conclusions {#sec031}
==============

We found that age-related differences in episodic specificity are attenuated in spontaneous retrieval. Additionally, training participants to recall episodic detail did not increase episodic specificity in subsequent spontaneous thought. These findings are consistent with the view that episodic specificity in spontaneous thought is supported by automatic cue-related mechanisms that bypass event construction. Several questions remain to be further explored in paradigms that include comparisons with deliberate and directly retrieved thoughts and that allow participants to elaborate their spontaneous thoughts. Nonetheless, the present evidence shows that activating spontaneous retrieval, for example by using environments embedded with personal specific cues (see \[[@pone.0237340.ref092]\] for an empirical demonstration with Alzheimer's disease patients), is a promising strategy to support episodic specificity in old age.

Supporting information {#sec032}
======================

###### Vigilance task---words and schematic representation.

(DOCX)

###### 

Click here for additional data file.

###### Coding instructions.

(DOCX)

###### 

Click here for additional data file.

###### Descriptive statistics of spontaneous task-unrelated thoughts by trigger, temporality and verbal/visual form.

(DOCX)

###### 

Click here for additional data file.

The authors thank to Dr. Kevin Madore for providing access to the episodic specificity induction materials, and to Ana Carolina Artiaga, Bianca Gerardo, and Kevin Ramos for their support in the coding process.
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Reviewer \#1: Summary

This study investigated age-related differences in episodic specificity of spontaneous thoughts. Thoughts were collected during a vigilance task on two occasions, once following an episodic specificity induction and once after a control induction. Thoughts characteristics were partly self-evaluated (e.g. spontaneous/deliberate) and partly coded by experimenters (e.g. level of episodic specificity). Results present no age-related, nor induction-related differences on spontaneous thoughts' episodic specificity.

Review

This is an interesting paper which helps further understand spontaneous thoughts in ageing by applying methodologies typically used for deliberate retrieval of memories or imagined events. The paper is well written and provides a complete theoretical background as well as an interesting methodological approach.

Minor point

298-368: The main recommendation is a need for more clarity in the description of variables measured. Quite a large number of characteristics are measured based on participants report. Each measure is described in detail, however, because of their number and strong similarity for some, it would be important to add a small paragraph restating briefly the name and purpose of these dependent variables. A graph may be considered to help visualise the process by which these measures were computed. This should enable a better understanding of the study and the later outlined results.

Other recommendations are as follow:

203: A threshold for BDI scores needs to be provided. Additionally, it is not mentioned whether some participants have been excluded based on exclusion criteria. Presence or absence of any compensation for participants' time and travel should be stated.

253: From reading the paper, it seems that information about how motivation was evaluated is missing. In the same line (283), it is unclear whether questions were asked verbally by the experimenter or presented on the computer screen.

438: A word seems to be missing in this sentence.

506: potentially related to the lack of clarity in the method section. It is difficult to see what is referred to by "the overall, strictly episodic scores, and episodic events with and without detail".

540-454: This section needs to be reworded, potentially cutting the sentence, to help the reader fully capture key information.

565: Problems with table format.

567-594: In this part of the results section, analyses are conducted on overall specificity scores. However, results are reported only in terms of frequency (e.g. "past-oriented sTUTs were more frequent (M = 0.43, SD = 0.67) than future-oriented ones (M = 0.05, SD = 0.21)"). This is confusing, this section is supposed to evaluate episodic specificity in past and future thoughts, yet results mention that past thoughts are more frequent then future one without mention of episodic specificity. It is probably just a case of rewording to enable better understanding.

582: It is stated that all other results are p \>.06. For completeness, authors may consider stating which effect is, to some extent, approaching significance. This is particularly important as elsewhere in the manuscript a marginal effect has been reported (p\<.054). The information provided so far may bring questions regarding selection of information. To be more transparent and consistent, p-values close to .06 should be reported with more details.

SM2: It is unclear to which coding aspect the "Note" section is referring too.

Reviewer \#2: The paper reports a new study which investigated the effects of age on the number of spontaneous task unrelated thoughts (sTUTs) using a modified vigilance task in which participants were randomly stopped 12 times to report what were they thinking about just before being stopped. Unlike more standard tasks (such as SART in mind wandering research) participants were exposed to incidental word cues that could trigger sTUTs in participants. The main (and novel) aim of the study was to examine the specificity of sTUTs as a function of age group (young versus old) and the episodic specificity induction (ESI) manipulation (ESI versus control). The key finding was that there were no age effects in the number of sTUTs and various measures of specificity of reported thoughts.

The study is carefully designed, well conducted and reports new findings that should be of interest to researchers of cognitive ageing, mind-wandering, episodic future thinking and involuntary autobiographical memory. The analyses of variance are followed up by Bayesian analyses. The conclusions based on these analyses are justified and appropriate, even if they contradict some of the findings that have been reported in mind wandering research and recently reviewed by Jordão et al. (2019) and Maillet and Schacter (2016). However, the findings seem to be in line with a growing body of empirical studies which demonstrate absence of age effects when using more naturalistic tasks and situations in which participants rely on more spontaneous retrieval processes than on more top down strategic effortful retrieval processes (e.g., Berntsen, Rasmussen et al., 2017, Psychology & Aging; Jordão et al., 2019, Psychological Research; Kvavilashvili, Mirani, et al., 2010; Psychology & Aging; Qin et al., 2014, PLoS One; Warden et al., 2019, Psychological Research). Although ideally I would have liked to see larger samples in this study, the findings are fairly informative and interesting to merit publication subject to some revisions as specified below. 2. Although the paper is well written overall, the revisions should primarily concentrate on the method and results sections to increase the clarity. Indeed, I felt that several important methodological details were not explained with sufficient clarity.

MAJOR POINTS

The within subjects design allows authors to examine one very interesting question that was not addressed in the paper. Namely, it would be very interesting to see if the number of sTUTs correlates positively across the two sessions. This should be possible to do given that there was no significant effect of ESI. I realise that this is perhaps a minor issue for the authors, but I was wondering if it was possible to check this and report perhaps somewhere in the results or discussion section?

Method section

1\. Lines 243-245 -- Please provide more details about the episodic specificity induction procedure which will be useful to readers who are unfamiliar to it. For example, what are the instructions that participants receive? What exactly did the videos contain, are these videos comparable?

2\. Lines 253-270 -- Section 2.5 describing the vigilance task was very difficult to understand. In fact I could not understand at all what were the target stimuli, how did the words appear on trials, what words were they, etc etc? Many sentences are unclear. For example, " Prior to starting the task participants assessed their motivation level, to avoid the influence of perceived performance on these ratings (58)" (Can you please explain what did this involve?). OR "Our earlier study found no evidence of age differences in MW frequency (17), suggesting that the adaptation controlled for confounding factors, such as possible age-related differences in the use of response options (8)" (what does this mean? Can you explain what response option means here?). OR "Second, we controlled for the number and characteristics of the word cues presented between each probe. Third, we changed the ISI from 7 to 3 seconds, which was important because longer ISIs require spontaneous thoughts triggered by word-cues to be maintained longer to be caught in the probes. Thus, by reducing the ISI, we are able to record both longer and shorter thoughts". OR "The final task took 15.9 minutes, and randomly presented 72 words and 87 five-point sequences for 3 seconds, followed by a 3 seconds ISI" .

It is unclear in these descriptions how many trials were used, what were target and non-target stimuli, how many trails had words and how many trials did not have any words on them, how were the words selected, did they differ in valence, etc. Did the vigilance task last for 15.9 minutes without the thought probes or with thought probes? How many trials were there between two consecutive probes? What do fife-point sequences refer to? Etc.

3\. In section 2.6.1, please provide examples of task-unrelated and task-related thoughts provided by participants. On line 314-315 can you please provide some examples of external distracters, as the definition provided is a bit unclear and long-winded?

4\. In section 2.6.3 -- please indicate who were the coders? Any of the authors or researchers helping to conduct the study?

Results

1\. Section 3.3 -- Can you please start this section by providing some descriptive information about a total number of thought probes obtained in 24 young and 24 old participants in ESI and Control conditions (i.e., 288 probes in each of the 4 conditions), an how many probes were "no thoughts", "earworms", "distractions" etc? This could then be followed up by means presented in Table 2. However, given that there were probably very few instances of earworms (as few as "no thoughts") is it worth presenting earworm category in Table 2? It will be also useful to have some descriptive information on reports of thought triggers and if they were predominantly the cue words presented in trials preceding the thought probe?

2\. Lines 471-472 - It would be clearer if you stated that participants had significantly higher number of past than present thoughts, and it would be also useful to report comparisons and means for future thoughts.

3\. Section 3.6.3 -- The 2 (age group: young, older) × 2 (type of induction: ESI, control) × 2 (temporality: past, future) mixed ANOVA on each of the specificity measures may potentially involve a loss of number of participants who did not report either past or future sTUTs. Can you please confirm that this was not the case? I.e., did all participants report at least one past and one future thought?

General discussion

1\. Lines 697-700 -- It is pointed out that "Instead, spontaneous future thoughts would more appropriately be characterized as memories of future thoughts that have been deliberately recalled (and constructed) before. In fact, previous research supports the view that spontaneous future thoughts are "prestored representations of previously imagined events" (38, p. 269). In relation to this idea, it would be very highly relevant to mention or discuss the dual-processes account of future thinking proposed by Cole and Kvavilashvili (2020) which develops this idea into a coherent theoretical approach and reviews supporting empirical evidence.

Minor Points

1\. Please use past tense in the abstract

2\. Line 62 -- Please define what is episodic specificity immediately after using this term.

3\. Line 81 -- you could mention here two naturalistic studies by Warden et al. who consistently showed no age effects on involuntary past and future thoughts using diary and experience sampling methods? A study by Gardner and Ascoli (2015; Psychology and Aging) is also highly relevant.

4\. Lines 159-160 -- It is pointed out that "Alternatively, it has been suggested that direct retrieval processes that characterize spontaneous thought imply the existence of pre-stored event representations, independent of event construction both for autobiographical recall and for episodic future thinking". This is an important statement and it might be useful to slightly expand on this idea by citing studies of Jeunehomme and D'Argembeau (2016) and Cole and Kvavilahsvili (2020, in press in Psychological Research)?

5\. Lines 208- provide age ranges (what was the minimum and maximum age) in each group

6\. Lines 214-216 in Design -- what were your main DVs?

7\. Line 220- Should be "Both sessions included an initial induction procedure (episodic or control), in which a video was presented, followed by a vigilance task to elicit spontaneous thoughts".

8\. Line 224 -- Should be "There was an exception"

9\. Lines 445 and 449 -- should be "sTUTs out of all spontaneous thoughts"

10\. Line 506 -- it would be helpful to refer readers to Fig 2 and define in brackets what each category refers to (i.e., scores \>1, scores = 4, and scores 3 and 4, respectively)

11\. Line 528 -- "that inducing a targeting event construction does not" -- this may need some re-wording?

12\. Lines 555 and 668 -- I think referring to marginal findings as "anecdotal" is incorrect. You need to refer to them as "marginally significant"

13\. Line 650 -- should be "find age-related differences"

Figure 1 -- instead of Elicitation task may be you should say Vigilance task?

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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1 Jun 2020

Dear Dr. Farber,

We are submitting the revised manuscript PONE-D-20-07424, "The effects of aging and an episodic specificity induction on spontaneous task-unrelated thought", for your consideration. We were pleased with the overall positive reviews of our manuscript and would like to thank the editor and reviewers for the helpful comments.

In the present manuscript, we introduced changes to clarify our methods, results and variables, following each of the queries raised by the reviewers. To further clarify our methods, we created a new figure (Fig 3) to summarize the coding process and dependent variables extracted. We are also submitting a new version of Fig 2 in which we changed the reference number according with the new references list.

We noticed that one of the reviewers answered no to the question "3. Have the authors made all data underlying the findings in their manuscript fully available?" We would like to enquire if this has to do with the questions about our results that we now clarify in the reply, or if there was any problem with our database content or the link we provided to access the database (<https://osf.io/cn28e/?view_only=ef7d717be39b4f91abbddf59abb56c4b>). If there is any difficulty accessing the relevant information, we'll be happy to correct the situation.

Additionally, we found the suggestions on how to better connect our study with previous research and on follow-up analyses very valuable, and introduced them in our manuscript. Please see the "Response to Reviewers", below, for the full, point-by-point, description of our changes and clarifications. We hope you will find our modifications appropriate.

Sincerely,

Magda Jordão

\*

Reviewer \#1

Please note that the indications for lines in our replies refer to the manuscript with track changes

Minor point

298-368: The main recommendation is a need for more clarity in the description of variables measured. Quite a large number of characteristics are measured based on participants report. Each measure is described in detail, however, because of their number and strong similarity for some, it would be important to add a small paragraph restating briefly the name and purpose of these dependent variables. A graph may be considered to help visualise the process by which these measures were computed. This should enable a better understanding of the study and the later outlined results.

R: Thank you for this suggestion. We created a new figure to summarize and clarify the coding and resulting variables (Fig. 3), and added a paragraph that briefly restates the variables at the end of this section (lines 402-407).

Other recommendations are as follow:

203: A threshold for BDI scores needs to be provided.

R: We've now added the BDI threshold on lines 212-213.

Additionally, it is not mentioned whether some participants have been excluded based on exclusion criteria.

R: Thank you for noticing this. We've now added the information about the number of participants who were excluded based on the exclusion criteria, on lines 216-219.

Presence or absence of any compensation for participants' time and travel should be stated.

R: This is also now added on lines 197-199.

253: From reading the paper, it seems that information about how motivation was evaluated is missing.

R: Thank you for highlighting this issue. We've now added information about the scale we used to measure motivation, on lines 276-277.

In the same line (283), it is unclear whether questions were asked verbally by the experimenter or presented on the computer screen.

R: We know clarify that questions were presented verbally by the experimenter on line 312.

438: A word seems to be missing in this sentence.

R: We've revised the sentence and added the missing word, on line 490.

506: potentially related to the lack of clarity in the method section. It is difficult to see what is referred to by "the overall, strictly episodic scores, and episodic events with and without detail".

R: Following your suggestion for the methods, we've now added a figure (Fig 3) that summarizes what these measures represent and to make this clearer. We now refer back to the Fig 3 here (lines 566-567).

540-454: This section needs to be reworded, potentially cutting the sentence, to help the reader fully capture key information.

R: I believe the reviewer means 540-545. We've reworded this sentence now, cutting the sentence, as suggested (lines 601-605).

565: Problems with table format.

R: Thank you for letting us now you had problems with the table. We've now rearranged the table to better fit the manuscript page (line 627). For consistency in the layout of the variables (namely, age group and type of induction), we've also rearranged the other tables.

567-594: In this part of the results section, analyses are conducted on overall specificity scores. However, results are reported only in terms of frequency (e.g. "past-oriented sTUTs were more frequent (M = 0.43, SD = 0.67) than future-oriented ones (M = 0.05, SD = 0.21)"). This is confusing, this section is supposed to evaluate episodic specificity in past and future thoughts, yet results mention that past thoughts are more frequent then future one without mention of episodic specificity. It is probably just a case of rewording to enable better understanding.

R: Thank you for pointing this out. We now reword this section to improve clarity (section 3.6.3., starting on line 629).

582: It is stated that all other results are p \>.06. For completeness, authors may consider stating which effect is, to some extent, approaching significance. This is particularly important as elsewhere in the manuscript a marginal effect has been reported (p\<.054). The information provided so far may bring questions regarding selection of information. To be more transparent and consistent, p-values close to .06 should be reported with more details.

R: We now provide more information about the effect that is approaching significance on lines 645-648.

SM2: It is unclear to which coding aspect the "Note" section is referring too.

R: Thank you for highlighting this issue. In a revised version of the SM2, we now specify that the "Note" section refers to the episodic specificity coding.

Reviewer \#2

Please note that the indications for lines in our replies refer to the manuscript with track changes

MAJOR POINTS

The within subjects design allows authors to examine one very interesting question that was not addressed in the paper. Namely, it would be very interesting to see if the number of sTUTs correlates positively across the two sessions. This should be possible to do given that there was no significant effect of ESI. I realise that this is perhaps a minor issue for the authors, but I was wondering if it was possible to check this and report perhaps somewhere in the results or discussion section?

R: Thank you for this interesting suggestion. We now include this analysis, that turned out to be a significant positive correlation, on lines 496-501.

Method section

1\. Lines 243-245 -- Please provide more details about the episodic specificity induction procedure which will be useful to readers who are unfamiliar to it. For example, what are the instructions that participants receive? What exactly did the videos contain, are these videos comparable?

R: We've now added some more details about the instructions and the content of the videos, on lines 262-264.

2\. Lines 253-270 -- Section 2.5 describing the vigilance task was very difficult to understand. In fact I could not understand at all what were the target stimuli, how did the words appear on trials, what words were they, etc etc? Many sentences are unclear. For example, " Prior to starting the task participants assessed their motivation level, to avoid the influence of perceived performance on these ratings (58)" (Can you please explain what did this involve?). OR "Our earlier study found no evidence of age differences in MW frequency (17), suggesting that the adaptation controlled for confounding factors, such as possible age-related differences in the use of response options (8)" (what does this mean? Can you explain what response option means here?). OR "Second, we controlled for the number and characteristics of the word cues presented between each probe. Third, we changed the ISI from 7 to 3 seconds, which was important because longer ISIs require spontaneous thoughts triggered by word-cues to be maintained longer to be caught in the probes. Thus, by reducing the ISI, we are able to record both longer and shorter thoughts". OR "The final task took 15.9 minutes, and randomly presented 72 words and 87 five-point sequences for 3 seconds, followed by a 3 seconds ISI" .

It is unclear in these descriptions how many trials were used, what were target and non-target stimuli, how many trails had words and how many trials did not have any words on them, how were the words selected, did they differ in valence, etc. Did the vigilance task last for 15.9 minutes without the thought probes or with thought probes? How many trials were there between two consecutive probes? What do fife-point sequences refer to? Etc.

R: Thank you for highlighting these issues. We've now tried to clarify our task following your suggestions. Below we address each on of the point raised about the vigilance task description.

" Prior to starting the task participants assessed their motivation level, to avoid the influence of perceived performance on these ratings (58)" (Can you please explain what did this involve?).

R: We've now added information about the motivation level assessment and rephrased its purpose, on lines 275-278.

OR "Our earlier study found no evidence of age differences in MW frequency (17), suggesting that the adaptation controlled for confounding factors, such as possible age-related

differences in the use of response options (8)" (what does this mean? Can you explain what response option means here?)

R: We've now clarified that response options refer to pre-determined response options, in a forced-choice format, used to categorize what was on the participant mind (as now added to the manuscript on lines 286-287).

OR "Second, we controlled for the number and characteristics of the word cues presented between each probe. Third, we changed the ISI from 7 to 3 seconds, which was important because longer ISIs require spontaneous thoughts triggered by word-cues to be maintained longer to be caught in the probes. Thus, by reducing the ISI, we are able to record both longer and shorter thoughts".

R: We've now rephrased for clarity the controls that have been put in place between each probe and the rational for using a 3 seconds ISI. For the ISI we dropped the comparison with the previous task and instead tried to clarify how we thought it could benefit the present task (on lines 289-297).

OR "The final task took 15.9 minutes, and randomly presented 72 words and 87 five-point sequences for 3 seconds, followed by a 3 seconds ISI" . It is unclear in these descriptions how many trials were used

R: We've now clarified that the vigilance task included 159 trials (line 300).

... what were target and non-target stimuli,

R: We've now clarified that the stimuli presented in the color yellow were the target (line 303).

...how many trails had words and how many trials did not have any words on them

R: We've now clarified that we either presented words OR five-point sequences, so there were 72 words presented (lines 298-300). We also rephrased five-point sequences to five-dot sequences, which hopefully will be clearer, and added in brackets that we mean this stimulus . . . . . Finally, we referred to the visual representation of the task in the Supplementary Material 1.

...how were the words selected, did they differ in valence, etc.

R: The words were selected from a well-known word database (as now mentioned on lines 279-280) that provided data on valence, arousal, frequency, concreteness and imageability. We used these data to match the words selected for each version of the vigilance task. The words used and the statistical comparison between versions for each word characteristic is presented in the Supplementary Material 1, as we now mention in the text (line 281).

Did the vigilance task last for 15.9 minutes without the thought probes or with thought probes?

R: 15.9 minutes was the presentation time for the task, without the probes, as now added on line 298.

How many trials were there between two consecutive probes?

R: This was variable, in order to avoid making the thought probe predictable. There were 9, 13 or 18 trials between probes, as now added to the manuscript on line 305.

What do fife-point sequences refer to? Etc.

R: As mentioned above, these were sequences of five dots . . . . . that were presented interchangeably with the words. Please check lines 299-300, where we rephrased the expression from five-point sequences to five-dot sequences, and also the Supplementary Material 1 (S1 File), where this is shown in a schematic figure of the vigilance task.

3\. In section 2.6.1, please provide examples of task-unrelated and task-related thoughts provided by participants. On line 314-315 can you please provide some examples of external distracters, as the definition provided is a bit unclear and long-winded?

R: We know present examples for task-related thoughts (on lines 339-340) and external distractions (on lines 346-347). We also rephrased the definition of external distractions (on lines 343-346). For task-unrelated thoughts we added a note to the Fig 2, which includes several examples of sTUTs (with different levels of specificity), on lines 340-341.

4\. In section 2.6.3 -- please indicate who were the coders? Any of the authors or researchers helping to conduct the study?

R: Thank you for your question. Several students at an undergraduate and graduate level collaborated in this research, as an optional credit or as part of their research assistant role duties. MJ was also a coder and that is also now clearly identified, along with a correction on the information about blinding -- MJ was naturally not blind to the hypothesis. Thank you for highlighting this aspect and allowing us to make this correction. You can find this info now summarized on section 2.6.3, lines 414-421.

Results

1\. Section 3.3 -- Can you please start this section by providing some descriptive information about a total number of thought probes obtained in 24 young and 24 old participants in ESI and Control conditions (i.e., 288 probes in each of the 4 conditions), an how many probes were "no thoughts", "earworms", "distractions" etc? This could then be followed up by means presented in Table 2. However, given that there were probably very few instances of earworms (as few as "no thoughts") is it worth presenting earworm category in Table 2? It will be also useful to have some descriptive information on reports of thought triggers and if they were predominantly the cue words presented in trials preceding the thought probe?

R: We've now added the number of overall probes (on line 455), and the number of probes in which spontaneous thought was reported by age group and type of thought (lines 458-461).

Regarding the presentation of the data about earworms, we believe it is important to include this information because we found a different pattern of age-related differences (younger adults experience more earworms). This is in line with previous research that we mention on lines 349-350 and suggests that "musical memories rely on a different cognitive system and show distinct age-related patterns".

We've also added information about type of trigger, confirming they were predominantly the cue words presented in the task previously to the probe (lines 523-534).

2\. Lines 471-472 -- It would be clearer if you stated that participants had significantly higher number of past than present thoughts, and it would be also useful to report comparisons and means for future thoughts.

R: We rephrased the manuscript according to the suggestion (line 530). Here and throughout the manuscript we only detailed significant post-hoc comparison results, for the sake of simplicity. However, the detailed data for all temporal orientations, including means and SDs per group, per condition and overall, is presented in the Supplementary Material 3 (S3 File), as mentioned in the beginning of this section (lines 514-515).

3\. Section 3.6.3 -- The 2 (age group: young, older) × 2 (type of induction: ESI, control) × 2 (temporality: past, future) mixed ANOVA on each of the specificity measures may potentially involve a loss of number of participants who did not report either past or future sTUTs. Can you please confirm that this was not the case? I.e., did all participants report at least one past and one future thought?

R: Not all participants reported at least one past and one future thought. However, we did not exclude these participants from the analysis of specificity, because the specificity scores are based on the raw number of thoughts (of different levels of specificity, as now represented in Fig 3). Being so, when the participants did not have a past or future sTUT in one of the conditions, their score is simply zero, which is still a valid data point, and this participants' data still feeds into the analysis. For example, if an older participant reports only past sTUTs, this will inform the analysis of the interaction between age group and temporality. Namely, this helps us to analyze if the age-related pattern of specificity in past-oriented thoughts is similar to the one found in the overall analysis.

We think it is also important to consider the disadvantages of excluding these participants. Unless we have reasons to believe that their data is for some reason unreliable, which we didn't in our study, the fact that some participants do not report at least on past and future sTUT is just part of the natural inter-variability of this phenomenon. It would seem that not including them in the analysis would pose the risk of biasing our results and interpretations. Thus, it seems to us that the best option is to use a type of analysis that makes use of as much information as possible, which we try to by using frequencies as detailed above.

General discussion

1\. Lines 697-700 -- It is pointed out that "Instead, spontaneous future thoughts would more appropriately be characterized as memories of future thoughts that have been deliberately recalled (and constructed) before. In fact, previous research supports the view that spontaneous future thoughts are "prestored representations of previously imagined events" (38, p. 269). In relation to this idea, it would be very highly relevant to mention or discuss the dual-processes account of future thinking proposed by Cole and Kvavilashvili (2020) which develops this idea into a coherent theoretical approach and reviews supporting empirical evidence.

R: Thank you for mentioning this relevant reference. We've now added it to the manuscript (lines 766-768).

Minor Points

1\. Please use past tense in the abstract

R: We've adapted the abstract accordingly (line 28).

2\. Line 62 -- Please define what is episodic specificity immediately after using this term.

R: We've now added the definition on lines 62-64.

3\. Line 81 -- you could mention here two naturalistic studies by Warden et al. who consistently showed no age effects on involuntary past and future thoughts using diary and experience sampling methods? A study by Gardner and Ascoli (2015; Psychology and Aging) is also highly relevant.

R: Thank you for mentioning these relevant references. We've now added these to the manuscript (lines 83-84).

4\. Lines 159-160 -- It is pointed out that "Alternatively, it has been suggested that direct retrieval processes that characterize spontaneous thought imply the existence of pre-stored event representations, independent of event construction both for autobiographical recall and for episodic future thinking". This is an important statement and it might be useful to slightly expand on this idea by citing studies of Jeunehomme and D'Argembeau (2016) and Cole and Kvavilahsvili (2020, in press in Psychological Research)?

R: We've now expanded this idea including the references suggested (line 163-168).

5\. Lines 208- provide age ranges (what was the minimum and maximum age) in each group

R: We've now added this information to the manuscript (lines 220-221).

6\. Lines 214-216 in Design -- what were your main DVs?

R: We've now added this information to the manuscript (lines 230-233).

7\. Line 220- Should be "Both sessions included an initial induction procedure (episodic or control), in which a video was presented, followed by a vigilance task to elicit spontaneous thoughts".

R: Thank you for the correction, now added to the manuscript (lines 237-238).

8\. Line 224 -- Should be "There was an exception"

R: Thank you for the correction, now added to the manuscript (line 241).

9\. Lines 445 and 449 -- should be "sTUTs out of all spontaneous thoughts"

R: Thank you for the correction, now added to the manuscript (lines 503 and 507).

10\. Line 506 -- it would be helpful to refer readers to Fig 2 and define in brackets what each category refers to (i.e., scores \>1, scores = 4, and scores 3 and 4, respectively)

R: Following a suggestion of Reviewer 1, we've now created a new figure (Fig 3) that represents which events are included in each episodic measure. We're referring to the Fig 3 as a reminder of what each of the measures mean (lines 566-567).

11\. Line 528 -- "that inducing a targeting event construction does not" -- this may need some re-wording?

R: Yes, this should be "an induction targeting event construction", thank you for pointing this out (now corrected on line 589).

12\. Lines 555 and 668 -- I think referring to marginal findings as "anecdotal" is incorrect. You need to refer to them as "marginally significant"

R: Thank you, this is now corrected (lines 616 and 733-734).

13\. Line 650 -- should be "find age-related differences"

R: Thank you, this is now corrected (lines 716).

Figure 1 -- instead of Elicitation task may be you should say Vigilance task?

R: Thank you, this is now corrected in the new version of Fig 1.

###### 

Submitted filename: Response to reviewers_Final.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0237340.r003

Decision Letter 1

Faber

Myrthe

Academic Editor

© 2020 Myrthe Faber

2020

Myrthe Faber

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

16 Jul 2020

PONE-D-20-07424R1

The effects of aging and an episodic specificity induction on spontaneous task-unrelated thought

PLOS ONE

Dear Dr. Jordao,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

As you can see below, both reviewers positively evaluated your revision. Before your manuscript can be accepted, there are still a few points pertaining to the methods and analyses that need to be clarified (raised by Reviewer 2). I would like to invite a revision that addresses these points.

Please submit your revised manuscript by Aug 30 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Myrthe Faber

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: Overall, the revision reads very well and the authors have tried to address most of my comments and suggestions, except the one on the vigilance task. Despite the additions made, the description of the vigilance task in Section 2.5 is still very confusing and lacks structure. The reader does not know anything about this task at this point, so it is essential to first introduce the vigilance task per se in terms of the number slides in total and which slides are targets and which slides are not targets. In other words, what is the main thing that participants have to do in this task? Also, I could not understand what ISI referred to. For how long was each slide presented and what was the interval (if any) between the two consecutive slides? Once this is all explained, then the authors could add information about the cue words and explain also why these words are added (i.e., to induce task unrelated thoughts in participants). After this, the authors could explain everything in relation to thought probes. In fact, information about thought probes could precede the information about the cue words, if the authors think that this is a better way of presenting this information. But in any case, the task needs to be described step by step, in a logically structured way, so that the reader can immediately grasp the key aspects of the study instead of getting more and more confused and stopping at the end of each sentence.

The second relatively minor point concerns the paragraph on correlational analysis on sTUTs frequencies at Time 1 and Time 2. This paragraph I think should be presented as the last paragraph in this section starting with "Finally, the within-participants design allowed us...". It was encouraging to see that there was such a strong correlation between the frequencies. However, can the authors please present the correlations separately for young and older adults to ensure that this is not a spurious correlation?

Some other minor points:

Line 304 -- Reference number is 364. This can not be correct?

Line 341 -- Please delete "given"

Line 471 -- Please ensure that title of Table 2 indicates that means refer to spontaneous thoughts

Line 768 -- Should be "and result from the activation of representations of previously constructed events"

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

21 Jul 2020

Dear Dr. Faber,

We are submitting the revised manuscript PONE-D-20-07424R1, "The effects of aging and an episodic specificity induction on spontaneous task-unrelated thought", for your consideration. We appreciate the positive evaluation of our review and the additional comments.

In the present manuscript, we clarify the methods, in particular the vigilance task description, and the analyses, in particular the correlation between sessions 1 and 2, following the comments provided by Reviewer 2.

Additionally, we made a slight correction to our method in the vigilance task, lines 303-304 in the manuscript with track changes, in which we deleted the word "motivated" as the scales here assessed concentration and difficulty only.

Please see the "Response to Reviewers" below for the full, point-by-point, description of our changes and clarifications. We hope you will find our modifications appropriate.

Sincerely,

Magda Jordão

\*

Response to Reviewers

Reviewer \#2

Please note that the indications for lines in our replies refer to the manuscript with track changes

Overall, the revision reads very well and the authors have tried to address most of my comments and suggestions, except the one on the vigilance task. Despite the additions made, the description of the vigilance task in Section 2.5 is still very confusing and lacks structure. The reader does not know anything about this task at this point, so it is essential to first introduce the vigilance task per se in terms of the number slides in total and which slides are targets and which slides are not targets. In other words, what is the main thing that participants have to do in this task? Also, I could not understand what ISI referred to. For how long was each slide presented and what was the interval (if any) between the two consecutive slides? Once this is all explained, then the authors could add information about the cue words and explain also why these words are added (i.e., to induce task unrelated thoughts in participants). After this, the authors could explain everything in relation to thought probes. In fact, information about thought probes could precede the information about the cue words, if the authors think that this is a better way of presenting this information. But in any case, the task needs to be described step by step, in a logically structured way, so that the reader can immediately grasp the key aspects of the study instead of getting more and more confused and stopping at the end of each sentence.

R: We've now restructured the presentation of the task according to the suggestion (section 2.5, lines 267-349). After a brief mention of the motivation rating, that precedes the vigilance task, we describe what type and how many stimuli were presented, how long each were presented for, and what participants were asked to do. Then, we present the information related to the thought probes. After this, we add information about the cue words, including a mention to its role in inducing spontaneously retrieved thoughts. In the final paragraph of this section, we complement this information by providing additional detail about the reasoning behind the described features of the task.

The second relatively minor point concerns the paragraph on correlational analysis on sTUTs frequencies at Time 1 and Time 2. This paragraph I think should be presented as the last paragraph in this section starting with "Finally, the within-participants design allowed us...". It was encouraging to see that there was such a strong correlation between the frequencies. However, can the authors please present the correlations separately for young and older adults to ensure that this is not a spurious correlation?

R: As suggested, we now presented this information as the last paragraph of the section and added the correlation information separately for younger and older adults, confirming that the correlation remains positive and significant for both groups (lines 528-533).

Some other minor points:

Line 304 -- Reference number is 364. This can not be correct?

R: The reference number is 36, but in the track changes document this is not visible because the erased sign goes over the 4. This is visible in the previous manuscript without track changes (line 293) and in the present manuscript with track changes (line 281).

Line 341 -- Please delete "given

R: Now deleted.

Line 471 -- Please ensure that title of Table 2 indicates that means refer to spontaneous thoughts

R: Now added (line 489).

Line 768 -- Should be "and result from the activation of representations of previously constructed events"

R: Yes, now corrected accordingly (line 785).
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Dear Dr. Jordao,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Myrthe Faber

Academic Editor

PLOS ONE
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Dear Dr. Jordão:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Myrthe Faber

Academic Editor

PLOS ONE
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